Introduction
============

Middle cerebral artery (MCA) aneurysms are among the most common intracranial angioma in the anterior cerebral circulation ([@b1-etm-0-0-7139]). The MCA bifurcation is a preferred site for aneurysm formation, and is involved in 18--20% in all aneurysms encountered ([@b2-etm-0-0-7139]). A clinical study has indicated that MCA aneurysms are typically complex, multi-lobed and incorporate eloquent vascular branches ([@b3-etm-0-0-7139]). Critical surgical management at strategic points has been applied for the treatment of MCA aneurysms ([@b4-etm-0-0-7139]). Surgical treatments of poor-grade MCA aneurysms are associated with large sylvian hematomas following prophylactic hinged craniectomy ([@b5-etm-0-0-7139]). Of note, clinical and radiologic outcomes have suggested that endovascular treatment for MCA aneurysms has an acceptable safety profile with low rates of technical failure and re-treatment ([@b6-etm-0-0-7139]).

Endovascular treatment has been widely used for the treatment of MCA aneurysms ([@b7-etm-0-0-7139]). A previous study demonstrated that the low-profile visualized intraluminal support (LVIS) device is a novel tool for the treatment of wide-necked intracranial aneurysms ([@b8-etm-0-0-7139]). Endovascular and surgical options for ruptured MCA aneurysms indicate the superiority of endovascular vs. open microneurosurgical clipping for the treatment of ruptured MCA bifurcation aneurysms ([@b9-etm-0-0-7139]). A study also reported that the feasibility of the endovascular treatment of MCA aneurysms may be assessed by using a procedural 3D imaging and remodeling technique ([@b10-etm-0-0-7139]). Endovascular treatment of MCA aneurysms with coils may be successfully performed without inducing any neurologic deficits in most patients ([@b11-etm-0-0-7139]). In addition, endovascular treatment may be safely and effectively performed in selected cases of MCA aneurysm ([@b12-etm-0-0-7139]). Initial subtotal aneurysm occlusion may progress to total occlusion ([@b13-etm-0-0-7139]). Furthermore, endovascular treatment for MCA aneurysms decreased the morbidity and mortality rates compared with those achieved by conventional clipping, which suggested that combined treatment by endovascular and bypass surgery is capable of efficiently treating giant complex fusiform MCA aneurysms ([@b14-etm-0-0-7139]). Of note, a previous study has indicated that stent assistance contributed to the beneficial effect of endovascular treatment of MCA aneurysms, and identified that stent assistance achieves total or subtotal occlusion of large and giant aneurysms in 90% of cases ([@b15-etm-0-0-7139]).

In the present study, the efficacy of endovascular treatment with stent was evaluated in a total of 92 patients with MCA aneurysm. The clinical presentation, aneurysmal characteristics, technical feasibility and procedural complications, as well as the angiographic and clinical follow-up results were compared between patients who were treated with LVIS stent or non-LVIS stent.

Materials and methods
=====================

### Patient population

The present study included 92 patients with MCA aneurysm who presented at Ningbo Second Hospital (Ningbo, China) between June 2014 and May 2016. Patients who underwent surgical with LVIS device or non-LVIS stent were recruited. Patients were offered the choice between LVIS device or a non-LVIS stent. A total of 50 patients were male (54.3%) and 42 patients were female (45.7%). Their age ranged from 42.3 to 65.4 years (mean age, 53.85±11.55 years). A total of 53 patients (57.6%) received endovascular treatment with LVIS stent and 39 (42.4%) received endovascular treatment with non-LVIS stent ([Table I](#tI-etm-0-0-7139){ref-type="table"}). The major exclusion criteria were as follows: A World Federation of Neurosurgical Societies grade 5 ([@b16-etm-0-0-7139]), massive cerebral infarction (\>50% of the MCA aneurysms) demonstrable on computed tomography (CT) examination, and patients with a history of tumor, migraine, cerebral hemorrhage or brain surgery injury. The major inclusion criteria were as follows: Digital subtraction angiography imaging studies demonstrating occlusion of a unilateral internal carotid artery or MCA and a modified Rankin Scale (mRS) score of 0--2 ([@b17-etm-0-0-7139]). NRS scores of patients were determined as described previously ([@b18-etm-0-0-7139]).

### Surgical procedure and LVIS stenting

All surgical procedures were performed under general anesthesia using biplane angiographic equipment. The 6F guiding catheter was placed in the distal V2 segment of the vertebral artery. Reconstructive treatment included the LVIS stent-assisted or non-LVIS stent treatment. Stent sizes were selected according to the largest diameter of the parent artery and the length of the aneurysm. Other details of the surgical procedure were identical to those described previously ([@b19-etm-0-0-7139]).

### Angiographic and clinical assessment and follow-up

Clinical outcomes were evaluated at the 6-month follow up. The efficacy of endovascular treatment with LVIS stent or non-LVIS stent was analyzed according to the Raymond classification ([@b20-etm-0-0-7139]). The pre- and post-operative angiographic analysis was generally performed at 0 and 6 months by using magnetic resonance angiography followed by digital subtraction angiography ([@b21-etm-0-0-7139]).

### CT scans

The MCA aneurysm patients were subjected to pre- and post-operative CT scanning, and the volume of aneurysms (V) was calculated using the following formula: V=a × b × c/2, with a, height; b, length; and c, width. CT was performed to identify the lesions as described previously ([@b22-etm-0-0-7139]). The clinical outcome at 6 months was evaluated using the Glasgow outcome scale ([@b23-etm-0-0-7139]).

### Headache score

The improvement of headache was determined by assessing the headache at the 6-month follow-up compared with the pre-operative one. In the present study, 'markedly improved headaches' were defined as an increase in pain scores by 3--5 points determined by a numeric rating scale (NRS) ([@b24-etm-0-0-7139]).

### Statistical analysis

Statistical analyses were performed using SPSS 19.0 (IBM Corp., Armonk, NY, USA). Headache improvement of patients after endovascular treatment with LVIS stent or non-LVIS stent was compared using the unpaired 2-tailed t-test, Mann-Whitney *U*-test or Pearson\'s *χ*^2^ test. *P*\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Characteristics of MCA aneurysm patients

A total of 92 patients with MCA aneurysm were recruited in the present study. The mean age of the MCA aneurysm patients was 53.85±11.55 years. The cohort included 50 male and 42 female patients. The clinical, demographic and angiographic characteristics of the MCA aneurysm patients are summarized in [Table I](#tI-etm-0-0-7139){ref-type="table"}. No significant difference between the two groups was observed for ischemic infarction and mass effect. A flow chart indicating the stages of the present study is provided in [Fig. 1](#f1-etm-0-0-7139){ref-type="fig"}.

### Procedural complications and clinical outcome

All patients with MCA aneurysm received successful endovascular treatment with LVIS stent or non-LVIS stent. The outcomes indicated that endovascular treatment with LVIS stent removed a larger amount of hematoma compared with the non-LVIS stent. Head angiography demonstrated that the aneurysms in the MCA were removed in all patients after endovascular treatment with LVIS stent or non-LVIS stent ([Fig. 2](#f2-etm-0-0-7139){ref-type="fig"}). It was observed that those patients who received endovascular treatment with LVIS stent exhibited a better recovery according to the GOS score compared with those subjected to endovascular treatment with non-LVIS stent ([Table II](#tII-etm-0-0-7139){ref-type="table"}).

### Clinical outcome at follow-up

At follow-up, the mean headache NRS score in the majority of patients who had received endovascular treatment with LVIS stent was lower compared with that in the patients subjected to endovascular treatment with non-LVIS stent. The post-operative headaches of the 92 MCA aneurysm patients, including duration, frequency, quality and intensity, based on the NRS score, are listed in [Table III](#tIII-etm-0-0-7139){ref-type="table"}. Outcomes demonstrated that 4 (7.5%) patients experienced headache daily, 3 (5.7%) had a headache on 5--15 days per month and 46 (86.8%) patients had a headache less frequently than that after endovascular treatment with LVIS stent. However, 8 (20.5%) patients suffered from headache daily, 10 (25.6%) patients had a headache on 5--15 days per month and 21 (53.8%) patients had a headache less frequently than that after endovascular treatment with non-LVIS stent within the 6-months follow-up. Representative angiography images of LVIS stent and non-LVIS stent cases were shown in [Fig. 3](#f3-etm-0-0-7139){ref-type="fig"}. The results of the LVIS stent use exhibited an improved vascular morphology within the aneurysm compared with the non-LVIS stent treatment.

### Clinical efficacy and safety of endovascular treatment with LVIS stent

The CT scan demonstrated that endovascular treatment with LVIS stent significantly improved pre-operative and intra-operative ruptures (data not shown). Outcomes revealed that endovascular treatment with LVIS stent had less post-operative symptoms and less disability than endovascular treatment with non-LVIS stent ([Table IV](#tIV-etm-0-0-7139){ref-type="table"}). Exploratory outcomes were assessed to identify potential predictors for headache improvement, intra-operative ruptures and disability following endovascular treatment with LVIS stent and endovascular treatment with non-LVIS stent, which may be used for evaluating improvements of certain symptoms. Outcomes demonstrated that patients in the LVIS stent group exhibited lower levels of chronic migraine, tension-type intension and headache severity compared with the non-LVIS stent group ([Table V](#tV-etm-0-0-7139){ref-type="table"}).

Discussion
==========

MCA aneurysms are the most common types of lesion in the intracranial artery wall, and frequently lead to headache, dizziness, ischemic infarction, neck pain and mass effect, while certain cases may also be asymptomatic ([@b25-etm-0-0-7139]). Evidence has indicated that LVIS stent assists in the mechanical removal of thromboembolisms after embolization of MCA aneurysms ([@b26-etm-0-0-7139],[@b27-etm-0-0-7139]). In the present study, it was reported that endovascular treatment with LVIS stent efficiently removed MCA aneurysms, significantly improved the clinical symptoms and resulted in favorable outcomes. LVIS stent is a novel device designed as an auxiliary for the endovascular treatment of MCA aneurysms ([@b28-etm-0-0-7139]). The present study indicated that endovascular treatment with LVIS stent significantly improved headaches compared with endovascular treatment with non-LVIS stent.

Endovascular treatment of MCA aneurysms with the LVIS junior stent provided excellent trackability and deliverability, and is safe and effective in the treatment of wide-necked MCA aneurysms with tortuous and smaller parent vessels ([@b29-etm-0-0-7139]). The present study reported that endovascular treatment with LVIS stent is a safe method for the treatment of MCA aneurysms in a total of 92 patients, which also significantly improved the symptoms of MCA aneurysms, including the duration, frequency, quality, location and intensity of headaches. Wang *et al* ([@b28-etm-0-0-7139]) suggested that the LVIS stent has certain hemodynamic effects on cerebral aneurysms. Ge *et al* ([@b30-etm-0-0-7139]) have indicated that endovascular treatment with LVIS stent may achieve a greater complete or near-complete occlusion rate compared with the non-LVIS stent treatment; however, there was no significant difference in procedure-associated complications and clinical outcomes between cases treated with LVIS and enterprise stents. The present study indicated that endovascular treatment with LVIS stent resulted in less post-operative symptoms and less cases with disability than endovascular treatment with non-LVIS stent. However, the present study only investigated endovascular treatment with the LVIS device in a small population of patients with MCA aneurysms. Further investigation of cerebral hemodynamics using positron emission tomography after endovascular treatment with the LVIS stent or non-LVIS stent should be performed in the future using a larger number of MCA aneurysm patients.

A previous study has indicated that the LVIS stent is a safe and effective device for endovascular treatment ([@b31-etm-0-0-7139]). The present study reported that endovascular treatment using the LVIS stent significantly reduced pre-operative and intra-operative ruptures, and resulted in less post-operative symptoms and cases of disability than endovascular treatment with non-LVIS stent according to the mRS.

Zhu *et al* ([@b32-etm-0-0-7139]) have indicated that the LVIS stent decreased the risk of blood blister-like aneurysm recurrence compared with the non-LVIS stent and did not increase the risk of procedure-associated complications in 37 patients with intracranial carotid artery. Although the present study did not the evaluate risk of blood blister-like aneurysm recurrence, it indicated that MCA aneurysm patients who received endovascular treatment with LVIS stent had a better outcome compared with non-LVIS stent group. Of note, exploratory outcomes suggested that endovascular treatment with LVIS stent significantly improved factors associated with headache outcomes, including chronic migraine, tension-type intension, headache severity, posterior circulation.

In conclusion, the present study analyzed the efficacy of endovascular treatment with LVIS stent in patients with MCA aneurysm. It has been previously reported that endovascular treatment with LVIS stent has certain hemodynamic effects on MCA aneurysms. Given the complex technique and the efficacy of endovascular treatment with LVIS stent, this method may be used to decrease headache and post-operative syndrome, which should be taken into consideration for patients with MCA aneurysm. However, long-term and cohort studies are required to validate these results in larger populations.
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###### 

Clinical data of middle cerebral artery aneurysm patients.

  Characteristic                           Males        Females      P-value
  ---------------------------------------- ------------ ------------ ---------
  Patients                                 50 (54.3%)   42 (45.7%)   0.68
  Age (years)                              42.3--62.6   45.2--65.4   0.24
  Headache and dizziness (pre-treatment)   12 (13.0%)   10 (10.9%)   0.86
  Ischemic infarction                      7 (7.6%)     4 (4.3%)     0.034
  Neck pain                                18 (19.6%)   15 (16.3%)   0.62
  Mass effect                              23 (25.0%)   10 (10.9%)   0.028
  Asymptomatic                             12 (13.0%)   7 (7.6%)     0.025
  Initial Raymond grade                                              
    1                                      19 (20.7%)   17 (18.5%)   0.83
    2                                      17 (18.5%)   14 (15.2%)   0.62
    3                                      14 (15.2%)   11 (12.0%)   0.78
  Procedural complications                 10 (10.9%)   8 (8.7%)     0.86
  Aneurysm length (mm)                     4.5--13.8    5.2--14.6    0.75
  Stent treatment                                                    
    LVIS                                   28 (30.4%)   25 (27.2%)   0.75
    Non-LVIS                               22 (23.9%)   17 (18.5%)   0.36

Values are expressed as n (%) or range. LVIS, low-profile visualized intraluminal support.

###### 

Clinical outcomes and mean ratio of hematoma removal.

  Parameter                                          LVIS stent (n=53)   Non-LVIS stent (n=39)   P-value
  -------------------------------------------------- ------------------- ----------------------- ---------
  Removal ratio of hematoma in the first operation   0.26±0.046          0.35±0.050              0.024
  GOS                                                                                            
    1                                                5 (9.4%)              8 (20.5%)             0.042
    2                                                4 (7.5%)            10 (25.6%)              0.015
    3                                                  8 (19.0%)           4 (10.3%)             0.030
    4                                                  8 (19.0%)           5 (12.8%)             0.042
    5                                                28 (52.8%)          12 (30.8%)              0.0048

Values are expressed as the mean ± standard deviation or n (%). GOS levels: 1, death; 2, persistent vegetative state; 3, severely disabled; 4, moderately disabled; 5, good outcome. GOS, Glasgow outcome scale; LVIS, low-profile visualized intraluminal support.

###### 

Characteristics of post-operative headache.

  Characteristic       LVIS stent (n=53) (%)   Non-LVIS stent (n=39) (%)   P-value
  -------------------- ----------------------- --------------------------- ---------
  Frequency                                                                
    Daily              4 (7.5)                 8 (20.5)                    0.036
    5--15 days/month   3 (5.7)                 10 (25.6)                   0.022
    15--30 days/year   46 (86.7)               21 (53.8)                   0.0048
  Duration                                                                 
    \<1 h              14 (26.4)               6 (15.4)                    0.0065
    1--12 h            2 (3.8)                 6 (15.4)                    0.036
    1--2 days          3 (5.7)                 8 (20.5)                    0.022
    2--7 days          1 (1.9)                 5 (12.8)                    0.0088
  Features                                                                 
    Swelling           1 (1.9)                 3 (7.7)                     0.0092
    Pressure-like      1 (1.9)                 2 (5.1)                     0.088
    Throbbing          2 (3.8)                 3 (7.7)                     0.078
    Stabbing           1 (1.9)                 4 (10.3)                    0.0083
    Other              2 (3.8)                 1 (2.6)                     0.688
  Intensity                                                                
    \<1                46 (86.8)               30 (76.9)                   0.0046
    1--3               5 (9.4)                 3 (7.7)                     0.56
    4--7               1 (1.9)                 4 (7.5)                     0.0083
    8--10              1 (1.9)                 2 (5.1)                     0.688

Values are expressed as n (%). Intensity was determined by the headache score. LVIS, low-profile visualized intraluminal support.

###### 

Clinical complications of endovascular treatment with LVIS stent.

  Feature                    LVIS stent (n=53) (%)   Non-LVIS stent (n=39) (%)   P-value
  -------------------------- ----------------------- --------------------------- ---------
  Pre-operative ruptures     0 (0)                   2 (5.1)                     \<0.01
  Intra-operative ruptures     2 (3.8)                 4 (10.3)                    0.038
  Post-operative symptoms      1 (1.9)               3 (7.7)                       0.042
  Disability                   2 (3.8)                 7 (17.9)                  \<0.01

Values are expressed as n (%). LVIS, low-profile visualized intraluminal support.

###### 

Factors associated with headache outcomes.

  Characteristic           LVIS stent (n=53) (%)   Non-LVIS stent (n=39) (%)   P-value
  ------------------------ ----------------------- --------------------------- ---------
  Chronic migraine         2 (3.8)                 4 (10.3)                      0.84
  Tension-type intension   3 (5.7)                 6 (15.4)                      0.50
  Headache severity        2 (3.8)                 4 (7.7)                       0.84
  Posterior circulation    3 (5.7)                 5 (12.8)                      0.64
  Headache improved        43 (81.1)               20 (51.3)                   \<0.01
  Headache not improved    10 (18.9)               19 (48.7)                   \<0.01

Values are expressed as n (%). LVIS, low-profile visualized intraluminal support.
